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Description 

[WIDE VIEWING ANGLE LIQUID CRYSTAL 

DISPLAY] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92112535, filed on May 8, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention generally relates to a wide viewing 
angle rapid response liquid crystal display, and more par- 
ticularly, the present invention relates to a wide viewing 
angle rapid response liquid crystal display that operated 
by circularly polarized light. 

[0004] Description of the Related Art 

[0005] The proliferation of multi-media systems in our society 

depends to a large extent on the progressive development 
of semiconductor devices and display devices. Display de- 
vices such as the cathode ray tube (CRT) have been used 



for quite some time due to its remarl<able display quality, 
reliability and low cost. Although the conventional CRT 
has many advantages, the design of the electron gun ren- 
ders it heavy, bulky and energy wasting. Moreover, there 
is always some potential risk of hurting viewer"s eyes due 
to its emission of some radiation. With big leaps in the 
techniques of manufacturing semiconductor devices and 
opto-electronics devices, high picture quality, slim, low 
power consumption and radiation-free displays such as 
the thin film transistor liquid crystal displays (TFT LCD) 
have gradually become mainstream display products. 
[0006] Fig. 1 is a perspective view showing the structural layout 
of a conventional wide viewing angle rapid response liquid 
crystal display. As shown in Fig. 1, the liquid crystal dis- 
play 100 mainly comprises a back light module 102, a lin- 
ear polarizer 104, a pair of compensation films 106 and 
110, an optically self-compensated birefringence liquid 
crystal panel (OCB-LCD) 108 and a linear analyzer 112. 
The linear polarizer 104 is set over the back light module 
102. The optically self-compensated birefringence liquid 
crystal panel 108 is set over the linear polarizer 104. The 
linear analyzer 112 is set over the optically self- 
compensated birefringence liquid crystal panel 108. In 



addition, tlie compensation film 106 is sandwiclied be- 
tween the linear polarizer 104 and the optically self- 
compensated birefringence liquid crystal panel 108 and 
the compensation film 110 is sandwiched between the 
optically self-compensated birefringence liquid crystal 
panel 108 and the linear analyzer 112. 
[0007] jhe optically self-compensated birefringence liquid crys- 
tal panel 108 has a fast responding speed but demands 
the deployment of some form of optical compensation to 
attain a wide viewing angle. In the conventional technique, 
a system that includes the linear polarizer 104 and the 
linear analyzer 112 together with a pair of compensation 
films 106 and 110 is set to facilitate wide-angle viewing. 
In general, one type of wide viewing film with hybrid 
aligned negative-birefringence structure is utilized to ef- 
fect viewing compensation. Although such compensation 
film can secure a good viewing property for the display, 
the design of the liquid crystal panel is directly con- 
strained by the specification requirement laid down by the 
compensation film. In another conventional compensation 
technique, the compensation films 106, 110 fabricated by 
biaxial materials together with a multi-gap design are de- 
ployed to eliminate gray level inversion in wide-angle 



viewing. However, tlie multi-gap design increases the 
complexity in fabricating the liquid crystal panel. Further- 
more, the linear polarizer and the linear analyzer combi- 
nation also render the viewing non-symmetrical due to an 

intrinsic viewing angle dependency. 
Summary of Invention 

[0008] Accordingly, one object of the present invention is to pro- 
vide a wide viewing angle quick response liquid crystal 
display without using the specific wide viewing films to 
provide a viewing angle compensation for a liquid crystal 
panel. Hence, the design parameters of the liquid crystal 
panel will not be subjected to the limitations of the wide 
viewing film. 

[0009] A second object of this invention is to provide a wide 

viewing angle quick response liquid crystal display capa- 
ble of eliminating gray level inversion due to wide angle 
viewing without manufacturing a sophisticated multi-gap 
structure. 

[0010] A third object of this invention is to provide a wide view- 
ing angle quick response liquid crystal display capable of 
improving asymmetric viewing angle properties due to an 
angle dependency of the basic design. 

[0011] To achieve these and other advantages and in accordance 



with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a wide 
viewing angle quick response liquid crystal display. The 
liquid crystal display comprises a back light unit, an opti- 
cal compensation circular polarizer unit, a liquid crystal 
panel and an optical compensation circular analyzer unit. 
The optical compensation circular polarizer unit is set 
over the back light module. The liquid crystal panel is set 
over the optical compensation circular polarizer unit. The 
optical compensation circular analyzer unit is set over the 
liquid crystal panel. This invention utilizes circularly po- 
larized light to provide the wide viewing angle quick re- 
sponse liquid crystal display with an uniform viewing an- 
gle property and improved contrast ratio and avoid the 
large viewing angle gray level inversion problem at the 
same time. 

[0012] In one embodiment of this invention, the liquid crystal 

panel is an optically self-compensated birefringence liq- 
uid crystal panel, for example. 

[0013] In one embodiment of this invention, the optical compen- 
sation circular polarizer unit comprises a polarizer plate 
and a first biaxial compensation film sandwiched between 
the polarizer plate and the liquid crystal panel. The first 



biaxial compensation film has principal refractive indices 
nx, ny and nz corresponding to three principal axes x, y 
and z axis, respectively. The direction of z-axis is set to 
be perpendicular to the substrate of the liquid crystal 
panel. The principal refractive indices nx, ny and nz must 
satisfy the following inequality relations: nx > ny > nz 
and 4 >(nx-nz)/(nx-ny) >2. Furthermore, the principal 
axis with an axial refractive index nx forms an included 
angle 6^ with the alignment direction of the liquid crystal 
panel. The angle 6^ is between 40° to 75°, for example. 
The optical compensation circular analyzer unit that 
matches with the optical compensation circular polarizer 
unit (the polarizer plate and the first biaxial compensation 
film) comprises an analyzer plate, a uniaxial quarter-wave 
plate and a second biaxial compensation film. The ab- 
sorption axis of the analyzer plate is perpendicular to the 
absorption axis of the polarizer plate. The polarizer plate 
forms an included angle 6^ with the alignment direction of 
the liquid crystal panel. The included angle 9^ is between 
40° to 75°, for example. The second uniaxial quarter-wave 
plate is sandwiched between the analyzer plate and the 
liquid crystal panel. The optical axis of the uniaxial quar- 
ter-wave plate is set at an angle of 45° relative to the ab- 



sorption axis of tlie analyzer plate, for example. The sec- 
ond biaxial compensation film is sandwiched between the 
second uniaxial quarter-wave plate and the liquid crystal 
panel. The second biaxial compensation film has principal 
refractive indices nx', ny' and nz' responding to x, y and z 
axis, respectively. The principal refractive indices nx', ny' 
and nz' must satisfy the following inequality relations: nx' 
> ny' > nz' and (nx'-nz')/(nx'-ny') >6. Furthermore, the 
principal axis of the second biaxial compensation film 
with an axial refractive index nx' is perpendicular to the 
alignment direction of the liquid crystal panel. 
[0014] In one embodiment of this invention, the optical compen- 
sation circular polarizer unit comprises a polarizer plate, a 
first uniaxial quarter-wave plate and a first biaxial com- 
pensation film. The first uniaxial quarter-wave plate is 
sandwiched between the polarizer plate and the liquid 
crystal panel, for example. The optical axis of the first 
uniaxial quarter-wave plate is set at an angle of 45° rela- 
tive to the absorption axis of the polarizer plate. The first 
biaxial compensation film is sandwiched between the first 
uniaxial quarter-wave plate and the liquid crystal panel. 
The first biaxial compensation film has principal refractive 
indices nx, ny and nz. The principal refractive indexes nx. 



ny and nz must satisfy the following inequality relations: 
nx > ny > nz and (nx-nz)/(nx-ny) >6. Furthermore, the 
principal axis with an axial refractive index nx is perpen- 
dicular to the alignment direction of the liquid crystal 
panel. The optical compensation circular analyzer unit 
that matches with the optical compensation circular po- 
larizer unit (the polarizer plate, the first uniaxial quarter- 
wave plate and the first biaxial compensation film) com- 
prises an analyzer plate and a second biaxial compensa- 
tion film sandwiched between analyzer plate and the liq- 
uid crystal panel. The absorption axis of the analyzer 
plate is perpendicular to the absorption axis of the polar- 
izer plate, for example. The absorption axis of the polar- 
izer plate forms an included angle 9^ with the liquid crys- 
tal panel. The included angle 6^ is between 40° to 75°, for 
example. The second biaxial compensation film has prin- 
cipal refractive indices nx', ny' and nz'. The principal re- 
fractive indices nx', ny' and nz' must satisfy the following 
inequality relations: nx' > ny' > nz' and 
4>(nx'-nz')/(nx'-ny') >2. Furthermore, the principal axis 
of the second biaxial compensation film with an axial re- 
fractive index nx' forms an included angle 6^ with the 
alignment direction of the liquid crystal panel. The in- 



eluded angle 6^ is between 20° to 50°, for example. 
[0015] In one embodiment of this invention, the optical compen- 
sation circular analyzer unit that matches with the optical 
compensation circular polarizer unit (the polarizer plate, 
the first uniaxial quarter-wave plate and the first biaxial 
compensation film) comprises an analyzer plate, a second 
uniaxial quarter-wave plate and a second biaxial compen- 
sation film. The absorption axis of the analyzer plate is 
perpendicular to the absorption axis of the polarizer 
plate, for example. The polarizer plate forms an included 
angle 6^ with the liquid crystal panel. The included angle 6^ 
is between 40° to 50°, for example. The second uniaxial 
quarter-wave plate is sandwiched between the analyzer 
plate and the liquid crystal panel. The optical axis of the 
second uniaxial quarter-wave plate is set at an angle of 
45° relative to the absorption axis of the analyzer plate, 
for example. The second biaxial compensation film is 
sandwiched between the second uniaxial quarter-wave 
plate and the liquid crystal panel. The second biaxial 
compensation film has principal refractive indices nx', ny' 
and nz". The principal refractive indices nx', ny' and nz' 
must satisfy the following inequality relations: nx' > ny'> 
nz' and (nx'-nz')/(nx'-ny') >6. Furthermore, the principal 



axis of the second biaxial compensation film with an axial 
refractive index nx' is perpendicular to the alignment di- 
rection of the liquid crystal panel. 
[0016] In one embodiment of this invention, the optical compen- 
sation circular polarizer unit comprises a cholesteric liquid 
crystal layer and a first biaxial compensation film. The op- 
tical compensation circular analyzer unit that matches 
with the optical compensation circular polarizer unit (the 
cholesteric liquid crystal layer and the first biaxial com- 
pensation film) comprises an analyzer plate, a uniaxial 
quarter-wave plate and a second biaxial compensation 
film. The absorption axis of the analyzer plate forms an 
included angle 6^ with the alignment direction of the liq- 
uid crystal panel. The included angle 9^ is between 15° to 
50°, for example. The uniaxial quarter-wave plate is sand- 
wiched between the analyzer plate and the liquid crystal 
panel. The optical axis of the second uniaxial quarter- 
wave plate is set at an angle of 45° relative to the absorp- 
tion axis of the analyzer plate, for example. The second 
biaxial compensation film is sandwiched between the uni- 
axial quarter-wave plate and the liquid crystal panel. The 
second biaxial compensation film has principal refractive 
indices nx', ny' and nz'. Furthermore, the principal axis of 



the second biaxial compensation film with an axial refrac- 
tive index nx' is perpendicular to the alignment direction 
of the liquid crystal panel. 
[0017] In one embodiment of this invention, the optical compen- 
sation circular polarizer unit comprises a cholesteric liquid 
crystal layer and a first biaxial compensation film. The op- 
tical compensation circular analyzer unit that matches 
with the optical compensation circular polarizer unit (the 
cholesteric liquid crystal layer and the first biaxial com- 
pensation film) comprises an analyzer plate and a second 
biaxial compensation film. The absorption axis of the an- 
alyzer plate forms an included angle 6^ with the alignment 
direction of the liquid crystal panel. The included angle 6 
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is between 15° to 50°, for example. The second biaxial 
compensation film is sandwiched between the analyzer 
plate and the liquid crystal panel. The second biaxial 
compensation film has principal refractive indices nx', ny' 
and nz". Furthermore, the principal axis of the second bi- 
axial compensation film with an axial refractive index nx' 
forms an included angle 6^ with the alignment direction of 
the liquid crystal panel. The included angle 9^ is between 
20° to 50°, for example. 
[0018] In brief, the wide viewing angle quick response liquid 



crystal display in this invention is operated by circularly 
polarized light so that the uniformity of viewing angle 
properties and contrast ratio are improved and gray level 
inversion at wide viewing angle is prevented. 
[0019] It is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0020] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0021] Fig. 1 is a perspective view showing the structural layout 
of a conventional wide viewing angle quick response liq- 
uid crystal display. 

[0022] Fig. 2 is a perspective view showing the structural layout 
of a wide viewing angle liquid crystal display according to 
a first preferred embodiment of this invention. 

[0023] Fig. 3 is a schematic diagram showing the relatively axial 
orientation angle of various optical films in Fig. 2. 



[0024] Fig. 4 is a perspective view showing tlie structural layout 
of a wide viewing angle liquid crystal display according to 
a second preferred embodiment of this invention. 

[0025] Fig. 5 is a schematic diagram showing the relatively axial 
orientation angle of various optical films in Fig. 4. 

[0026] Fig. 6 is a perspective view showing the structural layout 
of a wide viewing angle liquid crystal display according to 
a third preferred embodiment of this invention. 

[0027] Fig. 7 is a schematic diagram showing the relatively axial 
orientation angle of various optical films in Fig. 6. 

[0028] Fig. 8 is a perspective view showing the structural layout 
of a wide viewing angle liquid crystal display according to 
a fourth preferred embodiment of this invention. 

[0029] Fig. 9 is a schematic diagram showing the relatively axial 
orientation angle of various optical films in Fig. 8. 

[0030] Fig. 10 is a perspective view showing the structural layout 
of a wide viewing angle liquid crystal display according to 
a fifth preferred embodiment of this invention. 

[0031] Fig. 11 is a schematic diagram showing the relatively axial 

orientation angle of various optical films in Fig. 10. 
Detailed Description 

[0032] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 



are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0033] Fig. 2 is a perspective view showing the structural layout 
of a wide viewing angle liquid crystal display according to 
a first preferred embodiment of this invention. Fig. 3 is a 
schematic diagram showing the relatively axial orientation 
angle of various optical films in Fig. 2. As shown in Fig. 2, 
the wide viewing angle quick response liquid crystal dis- 
play 200 comprises a back light unit 202, an optical com- 
pensation circular polarizer unit 204, a liquid crystal panel 
206 and an optical compensation circular analyzer unit 
208. The optical compensation circular polarizer unit 204 
is set over the back light unit 202. The liquid crystal panel 
206 is a quick response optically self-compensated bire- 
fringence liquid crystal panel (OCB-LCD), for example. 
The liquid crystal panel 206 is set over the optical com- 
pensation circular polarizer unit 204. The optical compen- 
sation circular analyzer unit 208 is set over the liquid 
crystal panel 206. 

[0034] As shown in Figs. 2 and 3, the optical compensation cir- 
cular polarizer unit 204 comprises a polarizer plate 204a, 



a first uniaxial quarter-wave plate 204b and a first biaxial 
compensation film 204c. The first uniaxial quarter-wave 
plate 204b is sandwiched between the polarizer plate 
204a and the liquid crystal panel 206. The optical axis of 
the first uniaxial quarter-wave plate 204b is set at an an- 
gle of 45° relative to the absorption axis of the polarizer 
plate 204a, for example. The first biaxial compensation 
film 204c is sandwiched between the first uniaxial quar- 
ter-wave plate 204b and the liquid crystal panel 206. The 
first biaxial compensation film 204c has principal refrac- 
tive indices nx, ny and nz. The principal refractive indices 
nx, ny and nz must satisfy the following inequality rela- 
tions: nx > ny > nz and (nx-nz)/(nx-ny) >6. Furthermore, 
the principal axis of the first biaxial compensation film 
204c with an axial refractive index nx is perpendicular to 
the alignment direction of the liquid crystal panel 206. 
[0035] In this embodiment, the optical compensation circular an- 
alyzer unit 208 that matches with the optical compensa- 
tion circular polarizer unit 204 (the polarizer plate 204a, 
the first uniaxial quarter-wave plate 204b and the first bi- 
axial compensation film 204c) comprises an analyzer 
plate 208a, a second uniaxial quarter-wave plate 208b 
and a second biaxial compensation film 208c. The ab- 



sorption axis of tlie analyzer plate 208a is perpendicular 
to the absorption axis of the polarizer plate 204a. The 
polarizer plate 204a forms an included angle 9^ with the 
alignment direction of the liquid crystal panel 206. The 
included angle 6^ is between 40" to 50°, for example. 

[0036] The second uniaxial quarter-wave plate 208b is sand- 
wiched between the analyzer plate 208a and the liquid 
crystal panel 206. The optical axis of the second uniaxial 
quarter-wave plate 208b is set at an angle of 45° relative 
to the absorption axis of the analyzer plate 208a, for ex- 
ample. The second biaxial compensation film 208c is 
sandwiched between the second uniaxial quarter-wave 
plate 208b and the liquid crystal panel 206. The second 
biaxial compensation film 208c has principal refractive in- 
dices nx", ny' and nz". The principal refractive indices nx", 
ny' and nz' must satisfy the following inequality relations: 
nx' > ny' > nz' and (nx'-nz')/(nx'-ny') >6. Furthermore, 
the principal axis of the second biaxial compensation film 
208c with an axial refractive index nx' is perpendicular to 
the alignment direction of the liquid crystal panel 206. 

[0037] Fig. 4 is a perspective view showing the structural layout 
of a wide viewing angle liquid crystal display according to 
a second preferred embodiment of this invention. Fig. 5 is 



a schematic diagram showing the relatively axial orienta- 
tion angle of various optical films in Fig. 4. As shown in 
Fig. 4, the wide viewing angle quick response liquid crys- 
tal display 300 comprises a back light unit 302, an optical 
compensation circular polarizer unit 304, a liquid crystal 
panel 306 and an optical compensation circular analyzer 
unit 308. Since the components of the liquid crystal dis- 
play 300 are positioned in an identical way as in the first 
embodiment, and therefore a detailed description of the 
locations of these components are omitted. 
[0038] As shown in Figs. 4 and 5, the optical compensation cir- 
cular polarizer unit 304 comprises a polarizer plate 304a, 
a first uniaxial quarter-wave plate 304b and a first biaxial 
compensation film 304c. The first uniaxial quarter-wave 
plate 304b is sandwiched between the polarizer plate 
304a and the liquid crystal panel 306. The optical axis of 
the first uniaxial quarter-wave plate 304b is set at an an- 
gle of 45° relative to the absorption axis of the polarizer 
plate 304a, for example. The first biaxial compensation 
film 304c is sandwiched between the first uniaxial quar- 
ter-wave plate 304b and the liquid crystal panel 306. The 
first biaxial compensation film 304c has principal refrac- 
tive indices nx, ny and nz. The principal refractive indices 



nx, ny and nz must satisfy the following inequality rela- 
tions: nx > ny > nz and (nx-nz)/(nx-ny) >6. Furthermore, 
the principal axis of the first biaxial compensation film 
304c with an axial refractive index nx is perpendicular to 
the alignment direction of the liquid crystal panel 306. 
[0039] In this embodiment, the optical compensation circular an- 
alyzer unit 308 that matches with the optical compensa- 
tion circular polarizer unit 304 (the polarizer plate 304a, 
the first uniaxial quarter-wave plate 304b and the first bi- 
axial compensation film 304c) comprises an analyzer 
plate 308a and a second biaxial compensation film 308b 
sandwiched between the analyzer plate 308a and the liq- 
uid crystal panel 308. The absorption axis of the analyzer 
plate 308a is perpendicular to the absorption axis of the 
polarizer plate 304a. The polarizer plate 304a forms an 
internal angle 6^ with the alignment direction of the liquid 
crystal panel 306. The internal angle 6^ is between 40° to 
75°, for example. The second biaxial compensation film 
308b has principal refractive indexes nx", ny' and nz'. The 
principal refractive indexes nx', ny' and nz' must satisfy 
the following inequality relations: nx' > ny' > nz' and 
4>(nx'-nz')/(nx'-ny') >2. Furthermore, the principal axis 
of the second biaxial compensation film 208c with an ax- 



iai refractive index nx' forms an included angle 6^ with the 
alignment direction of the liquid crystal panel 306. The 
included angle 6^ is between 20° to 50°, for example. 

[0040] Fig. 6 is a perspective view showing the structural layout 
of a wide viewing angle liquid crystal display according to 
a third preferred embodiment of this invention. Fig. 7 is a 
schematic diagram showing the relatively axial orientation 
angle of various optical films in Fig. 6. As shown in Fig. 6, 
the wide viewing angle quick response liquid crystal dis- 
play 400 comprises a back light unit 402, an optical com- 
pensation circular polarizer unit 404, a liquid crystal panel 
406 and an optical compensation circular analyzer unit 
408. Since the components of the liquid crystal display 
400 are positioned in an identical way as the first embodi- 
ment, and therefore a detailed description of the locations 
of these components are omitted. 

[0041] As shown in Figs. 6 and 7, the optical compensation cir- 
cular polarizer unit 404 comprises a polarizer plate 404a 
and a first biaxial compensation film 404b sandwiched 
between the polarizer plate 404a and the liquid crystal 
panel 406. The first biaxial compensation film 404a has 
principal refractive indices nx, ny and nz. The principal 
refractive indices nx, ny and nz must satisfy the following 



inequality relations: nx > ny > nz and 4>(nx-nz)/(nx-ny) 
>2. Furthermore, tlie principal axis of the first biaxial 
compensation film 404b with an axial refractive index nx 
forms an included angle 0^ with the alignment direction of 
the liquid crystal panel 406. The included angle 9^ is be- 
tween 40° to 75°, for example. 
[0042] In this embodiment, the optical compensation circular an- 
alyzer unit 408 that matches with the optical compensa- 
tion circular polarizer unit 404 (the polarizer plate 404a 
and the first biaxial compensation film 404b) comprises 
an analyzer plate 408a, a uniaxial quarter-wave plate 
408b and a second biaxial compensation film 408c. The 
absorption axis of the analyzer plate 408a is perpendicu- 
lar to the absorption axis of the polarizer plate 404a. The 
polarizer plate 404a forms an included angle 6^ with the 
alignment direction of the liquid crystal panel 406. The 
included angle 6^ is between 40° to 75°, for example. The 
second biaxial compensation film 408c is sandwiched be- 
tween the uniaxial quarter-wave plate 408b and the liquid 
crystal panel 406. The second biaxial compensation film 
408c has principal refractive indices nx', ny' and nz". The 
principal refractive indices nx", ny' and nz' must satisfy the 
following inequality relations: nx'> ny' > nz' and 



(nx'-nz')/(nx'-ny') >6. Furthermore, the principal axis of 
the second biaxial compensation film 408c with the re- 
fractive index nx' is perpendicular to the alignment direc- 
tion of the liquid crystal panel 406. 

[0043] Fig. 8 is a perspective view showing the structural layout 
of a wide viewing angle liquid crystal display according to 
a fourth preferred embodiment of this invention. Fig. 9 is 
a schematic diagram showing the relatively axial orienta- 
tion angle of various optical films in Fig. 8. As shown in 
Fig. 8, the wide viewing angle quick response liquid crys- 
tal display 500 comprises a back light unit 502, an optical 
compensation circular polarizer unit 504, a liquid crystal 
panel 506 and an optical compensation circular analyzer 
unit 508. Since the components of the liquid crystal dis- 
play 500 are positioned in an identical way as the first 
embodiment, and therefore a detailed description of the 
locations of these components are omitted. 

[0044] As shown in Figs. 8 and 9, the optical compensation cir- 
cular polarizer unit 504 comprises a cholesteric liquid 
crystal layer 504a and a first biaxial compensation film 
504b sandwiched between the cholesterol liquid crystal 
layer 504a and the liquid crystal panel 506. The first biax- 
ial compensation film 504b has principal refractive indices 



nx, ny and nz. The principal refractive indices nx, ny and 
nz must satisfy the following inequality relations: nx > ny 
> nz. Furthermore, the principal axis of the first biaxial 
compensation film 504b with an axial refractive index nx 
is perpendicular to the alignment direction of the liquid 
crystal panel 506. 
[0045] In this embodiment, the optical compensation circular an- 
alyzer unit 508 that matches with the optical compensa- 
tion circular polarizer unit 504 (the cholesteric liquid 
crystal layer 504a and the first biaxial compensation film 
504b) comprises an analyzer plate 508a, a uniaxial quar- 
ter-wave plate 508b and a second biaxial compensation 
film 508c. The absorption axis of the analyzer plate 508a 
forms an included angle 6^ with the alignment direction of 
the liquid crystal panel 506. The included angle 6^ is be- 
tween 15° to 50°. The second uniaxial quarter-wave plate 
508b is sandwiched between the analyzer plate 508a and 
the liquid crystal panel 506. The optical axis of the uniax- 
ial quarter-wave plate 508b is set at an included angle of 
45° relative to the absorption axis of the analyzer plate 
508a. The second biaxial compensation film 508c is 
sandwiched between the second uniaxial quarter-wave 
plate 508b and the liquid crystal panel 506. The second 



biaxial compensation film 508c has principal refractive in- 
dices nx', ny' and nz'. Furthermore, the principal axis of 
the second biaxial compensation film 508c with the re- 
fractive index nx' is perpendicular to the alignment direc- 
tion of the liquid crystal panel 506. 

[0046] Fig. 10 is a perspective view showing the structural layout 
of a wide viewing angle liquid crystal display according to 
a fifth preferred embodiment of this invention. Fig. 11 is a 
schematic diagram showing the relatively axial orientation 
angle of various optical films in Fig. 10. As shown in Fig. 
10, the wide viewing angle quick response liquid crystal 
display 600 comprises a back light unit 602, an optical 
compensation circular polarizer unit 604, a liquid crystal 
panel 606 and an optical compensation circular analyzer 
unit 608. Since the components of the liquid crystal dis- 
play 600 are positioned in an identical way as the first 
embodiment, and therefore a detailed description of the 
locations of these components are omitted. 

[0047] As shown in Figs. 10 and 11, the optical compensation 
circular polarizer unit 604 comprises a cholesteric liquid 
crystal layer 604a and a first biaxial compensation film 
604b. The first biaxial compensation film 604b is sand- 
wiched between the cholesterol liquid crystal layer 604a 



and the liquid crystal panel 606. The first biaxial compen- 
sation film 604b has principal refractive indices nx, ny 
and nz. The principal refractive indexes nx, ny and nz 
must satisfy the following inequality relations: nx > ny > 
nz. Furthermore, the principal axis of the first biaxial 
compensation film 604b with an axial refractive index nx 
is perpendicular to the alignment direction of the liquid 
crystal panel 606. 
[0048] In this embodiment, the optical compensation circular an- 
alyzer unit 608 that matches with the optical compensa- 
tion circular polarizer unit 604 (the cholesteric liquid 
crystal layer 604a and the first biaxial compensation film 
604b) comprises an analyzer plate 608a and a second bi- 
axial compensation film 608b. The absorption axis of the 
analyzer plate 608a forms an included angle 6 with the 
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alignment direction of the liquid crystal panel 606. The 
included angle 6 is between 15° to 50°, for example. The 
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second biaxial compensation film 608b is sandwiched be- 
tween the analyzer plate 608a and the liquid crystal panel 
606. The second biaxial compensation film 608b has 
principal refractive indices nx', ny' and nz'. Furthermore, 
the principal axis of the second biaxial compensation film 
508c with the refractive index nx' forms an included angle 



9^ with the alignment direction of the liquid crystal panel 
606. The included angle 9^ is between 20° to 50°, for ex- 
ample. 

[0049] In summary, major advantages of the wide viewing angle, 
quick response liquid crystal display of this invention in- 
cludes: 1. Circularly polarized light is used in the display 
operation so that viewing angle dependency is effectively 
reduced. 2. Uniaxial quarter-wave plate together with bi- 
axial compensation film is deployed for optical compen- 
sation. Therefore, the uniformity of viewing angle proper- 
ties and contrast ratio are improved and gray level inver- 
sion at wide viewing angle is prevented. 3. Cholesteric liq- 
uid crystal layer together with biaxial compensation film is 
used for optical compensation so that the uniformity of 
viewing angle properties and contrast ratio are improved 
and gray level inversion at wide viewing angle is pre- 
vented. 

[0050] It vvill be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 



scope of the following claims and their equivalents. 



